The proposed yield criterion depends upon two material constants and is proven to be smooth and convex under a simple condition. These properties induce a mathematical robustness that allows a further use in a damage mechanics model. The analytical gradient and hessian are given. The obtained yield surface is relevant to Kupfer's biaxial testings on concrete. The identification procedure, with respect to the classical uniaxial tension and compression testings, is detailed. 
Introduction 2 The proposed criterion
In compression, i.e. when (every) σ I 0, the yielding of concrete involves a diffuse microcracking, and high stresses. The mechanism in tension, i.e. when (at least one) σ I 0, is very different, with low stress levels and a quick localization of the microcracks [8] . A part of the present criterion is related to the von Mises norm of the stress deviator that appears to be relevant to the compression states, in the low confinement range. The other part uses a stress tensor exponential (recalled in equation 12) in order to describe the dramatic effect of the positiveness of a principal stress, in the sense of the Rankine criterion, via an euclidean norm ( A = (A ij A ij ) 1/2 ). The constant σ y possesses a limiting role; the second constant σ 0 rules the dissymmetry of the yield surface and limits the numerical value of the exponential term. The term √ 3 makes the second member equal to zero when σ = 0.
Rewritten in term of principal stresses (σ I , σ II , σ III ), the equation (2) exhibits clearly the role of the second member that is positive if at least one principal stress is positive. One can remark that the numerical calculus of a tensor exponential does not require to diagonalize it (it is an integrated function in many softwares).
The constants (σ 0 , σ y ) can be identified with respect to the classical (and simplest) uniaxial compression and tension tests. Calling σ t > 0 and σ c < 0 the experimental elastic limit stresses in pure tension and compression, corresponding respectively to points T and C on figure (1), the differencẽ f (σ t , 0, 0) −f (σ c , 0, 0) = 0 leads to:
Each member is a monotonic function of σ 0 : their unique intersection, numerically calculated, gives the value of σ 0 . The equationf (σ c , 0, 0) = 0, orf (σ t , 0, 0) = 0, gives the second constant σ y . Here, the identified values are σ 0 = 0, 455 MPa and σ y = 8, 00 MPa. The figure (1) shows the good agreement of this criterion with the biaxial testings. The strong curvature around the point C of simple compression is well depicted. The figure (2), in the principal stresses space, shows that this criterion can be seen as a softened version of the combination of von Mises (for the cylindrical shape) and Rankine (for flattened faces) ones. The figure (3) shows the deviatoric sections of the criterion that evolve from the triangular shape of Rankine envelope to the circular shape of von Mises. 
Gradient, hessian and convexity
The use of a yield surface in a damage (or plasticity) model is helped by the knowledge of its gradient. We can already calculate the gradient of f with respect to the stress tensor σ. The derivative of the first member of equation (1) is straightforward. For the second one, it is useful to use the property (13). The obtained gradient presents a simple (and intrinsic) expression:
The hessian of f may also be useful in numerical calculus. For the first member of equation (1) we obtain the following expression, in which ⊗ represents the dyadic product and P d is the fourth rank projector onto the deviatoric subspace:
The fourth rank operator between parenthesis in the equation (5) is a projector onto the four dimensions subspace of the second rank symmetric and deviatoric tensors orthogonal to σ d ; its eigenvalues are then (1, 1, 1, 1, 0, 0) which proves the well known convexity of the von Mises criterion. For the second member of equation (1), it is convenient to have a change of variable σ/σ 0 = σ ′ :
Using the gradient (4) leads to:
Let us call − → u i the eigenvectors and λ i the eigenvalues of σ. Then − → u i are also the eigenvectors of σ ′ and exp(σ ′ ) (these tensors are coaxial with σ) and λ i /σ 0 are the eigenvalues of σ ′ . We consider now the orthonormal base of the second order symmetric tensors B I , with I ∈ (1..6), i.e. B I : B J = δ IJ (the symbol ":" represents the tensor contraction (inner product) defined, for any symmetric second order tensors A and A ′ , as A : A ′ = A ij A ′ ij and δ is the Kronecker delta).
From formula (14), the second derivative (7) expresses in the base B I ⊗ B J (in the Voigt notation, the terms 44, 55 et 66 would be divided by 2), in the general case (λ 1 = λ 2 = λ 3 ), as: 
From the convexity of the exponential function, the r ij are positive if σ 0 is positive. The case λ i = λ j is treated similarly from equation (14) and it implies again r ij > 0. The bilinear form associated to this expression can be written as follows, where A is a general symmetric second order tensor: This expression is obviously positive and, added with the convexity of the von Mises term of the criterion, it proves the (strict) convexity of the proposed criterion f . This result can also be obtained without the hessian: it is easy to prove that the second partial derivatives ∂ 2f /∂σ 2 I are positive thus, from the Ball's theorem (number 5.1) [9] , f is convex.
Conclusions
The proposed elasticity criterion offers a good description of Kupfer's biaxial testings on concrete. It depends of two constants that can be easily identified with respect to uniaxial compression and tension curves. Its convexity is assured by a unique condition (σ 0 > 0), leading to mathematical robustness. Future work may consists in the development of a full damage model using this criterion as a yield surface. Another possible enhancement is to take the high confinement effects into account by replacing the von Mises part of the criterion by, for example, the Drucker-Prager or an elliptic closed expression.
A Mathematics
Let A = A ij − → e i ⊗ − → e j be a symmetric second order tensor expressed in an orthonormal basis { − → e i }; indexes (i, j, k, l) refer to it. Let λ p be the eigenvalues and { − → v p } the orthonormal basis of eigenvectors of A; indexes (p, q, r, s) refer to it. The derivative of the power low A n expresses as:
This allows to express the tensor exponential derivative as:
Two interesting properties are obtained from the (double) contraction of the previous expression of the exponential with A on the right side (i.e. A kl ∂(exp(A)) ij /∂A kl ) and with exp(A) on the left side (i.e. (exp(A)) ij ∂(exp(A)) ij /∂A kl ). 
